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Butler (2010: Experiment 3) showed that retrieval practice enhanced transfer to a new
knowledge domain compared to rereading. The first experiment of the present study
was a direct replication of Butler’s third experiment. Participants studied text passages
and then either reread them three times or went through three cycles of cued recall
questions (i.e., retrieval practice) with feedback. As in Butler’s (2010) experiment, an
advantage of retrieval practice on the final far transfer test emerged after 1 week.
Additionally, we observed an advantage of retrieval practice on the final test administered
after 5 min. However, these advantages might have been due to participants in the
retrieval practice condition receiving focused exposure to the key information (i.e., the
feedback) that was needed to answer the final test questions. We therefore conducted a
second experiment in which we included the retrieval practice condition and the reread
condition from our first experiment, as well as a new reread-plus-statements condition.
In the reread-plus-statements condition, participants received focused exposure to the
key information after they had reread a text. As in Experiment 1, we found a large
effect on far transfer when retrieval practice was compared to rereading. However,
this effect was substantially reduced when retrieval practice was compared to the
reread-plus-statements condition. Taken together, the results of the present experiments
demonstrate that Butler’s (2010) testing effect in far transfer is robust. Moreover, focused
exposure to key information appears to be a significant factor in this far transfer testing
effect.
Keywords: testing effect, far transfer, cued recall, key information, feedback, retrieval practice
INTRODUCTION
Retrieving information from memory after an initial learning phase enhances long-term retention
more than restudying the material; an advantage referred to as the (retrieval practice) testing effect
(for reviews, see Delaney et al., 2010; Roediger and Butler, 2011; Carpenter, 2012; Karpicke, 2012;
Karpicke et al., 2014; Rowland, 2014). The testing effect has been demonstrated with a variety
of practice tests, materials, and age groups (Dunlosky et al., 2013). In most of the testing effect
research, the materials in the intermediate test and the final test are identical (e.g., Roediger
and Karpicke, 2006a; Roediger et al., 2011; Wooldridge et al., 2014). However, it is important
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to determine whether the testing effect still emerges when the
final test is different from the intermediate test and measures
related but new knowledge, i.e., whether transfer of knowledge
takes place (Salomon and Perkins, 1989; McDaniel et al., 2009,
2013).
A relatively small but increasing number of studies has shown
that retrieval practice benefits the transfer of knowledge (for a
recent review, see Carpenter, 2012). Transfer may be broadly
defined as the ability to apply previously learned knowledge or
skills in a novel context (Carpenter, 2012). To assess transfer with
respect to the testing effect, Carpenter (2012) makes a distinction
between three dimensions along which the differences between
learning and transfer contexts can be compared: temporal
context, test format, and knowledge domain. Following Barnett
and Ceci (2002), a transfer task can be evaluated on each of these
dimensions in terms of the level of transfer (i.e., near vs. far
transfer).
Many studies have found that the beneficial effect of retrieval
practice transfers across temporal contexts, as the effect of
retrieval practice usually occurs after a retention interval of some
days (e.g., Chan et al., 2006; Carpenter et al., 2009; Johnson and
Mayer, 2009). However, in nearly all retrieval practice studies, the
test formats and knowledge domains are comparable between the
learning phase and the test phase [e.g., Carpenter and DeLosh,
2006; Carpenter et al., 2006; Agarwal et al., 2008 (Exp. 1);
Coppens et al., 2011]. Only a small number of studies has shown
transfer of a retrieval practice effect across different test formats
(e.g., Karpicke and Zaromb, 2010; Carpenter, 2011; Halamish
and Bjork, 2011; Sensenig et al., 2011; Rowland and DeLosh,
2015), and across both different test formats and temporal
contexts (e.g., Kang et al., 2007; Rohrer et al., 2010; Hinze
and Wiley, 2011; Lyle and Crawford, 2011; Blunt and Karpicke,
2014; McDermott et al., 2014; Rawson et al., 2015). Yet in all
of the previous studies – and in fact in the vast majority of
retrieval practice studies – the knowledge domain is the same
in the learning phase and the final test. To the best of our
knowledge, there is only one study (Butler, 2010) in which the
retrieval practice effect emerged on a final transfer test tapping
onto a different knowledge domain. Specifically, Butler (2010:
Experiment 3) found a positive effect of retrieval practice on a
final test that consisted of questions pertaining to topics from a
different knowledge domain than the intermediate test questions.
Note that although in Carpenter’s (2012) review several papers
are mentioned in the section called “Transfer across knowledge
domains,” only the paper by Butler (2010) actually meets the
condition stated in this title.
In Butler’s (2010) crucial third experiment, participants first
read six prose texts, and then reread three of the passages and
practiced cued recall on the other three passages. In the retrieval
practice condition participants answered conceptual cued recall
questions, and afterward they received feedback in the form
of the correct response. One week later, participants took the
final transfer test. This test consisted of questions from different
knowledge domains than the questions presented during the
practice phase. On the final test, participants performed better
after cued recall than after rereading. Because Butler’s (2010)
third experiment has been the only one to demonstrate that
retrieval practice fosters transfer to a different knowledge
domain, it is important to investigate whether Butler’s results
are robust. In addition, Butler’s sample size was small (20
participants), with imprecise parameter estimations as a result.
Now given the importance of replication in (psychological)
science (e.g., Cartwright, 1991; Ioannidis, 2005; Open Science
Collaboration, 2012; Pashler and Wagenmakers, 2012; Klein et al.,
2014), the purpose of our first experiment was to conduct an exact
replication (see Schmidt, 2009) of Butler’s third experiment.
Furthermore, the observed beneficial effect of retrieval
practice may have been partly due to another factor, namely
the focused exposure to key information (i.e., the feedback)
in the retrieval practice condition versus the reread condition.
To illustrate this point, consider this example of a cued recall
question from the retrieval practice condition: “Some bats use
echolocation to navigate the environment and locate prey. How
does echolocation help bats to determine the distance and size
of objects?” The answer, which was taken from the text and
presented as feedback, was the following: “Bats emit high-pitched
sound waves and listen to the echoes. The distance of an object
is determined by the time it takes for the echo to return. The
size of the object is calculated by the intensity of the echo:
a smaller object will reflect less of the sound wave, and thus
produce a less intense echo.” The related transfer question was
the following: “Submarines use SONAR to navigate underwater
much like bats use echolocation to navigate at night. Using
SONAR, how does a submarine determine that an object is
moving toward it (i.e., rather than away from it)?” (“Answer:
The submarine can tell the direction that an object is moving
by calculating whether the time it takes for the sound waves
to return changes over time. If the object is moving toward
the submarine, the time it takes the sound wave to return will
get steadily shorter. Also, the intensity of the sound wave will
increase because the object will reflect more of the sound wave
as it gets closer.”).
This example demonstrates that the retrieval practice
questions and the final tests questions were conceptually related;
the same principles that were learned during retrieval practice
needed to be applied to the final test questions in the different
knowledge domains. This means that participants in the retrieval
practice condition may have had an advantage compared to
the reread condition because they had already seen the relevant
principles in the form of the key information that was provided
as feedback during retrieval practice. Although participants in the
reread condition had also seen these principles when they reread
the whole text, they had only seen them as a part of the full text
that contained additional information, not as answers to specific
questions. Hence, in the retrieval practice condition, participants
only needed to retrieve the key information from the feedback
in the learning phase and apply it to the final test questions. By
contrast, in the reread condition participants had to retrieve and
select the part of the text relevant to the problem, and apply it to
the final test items. In the reread condition, it might have been
difficult to determine which part of the text was relevant for a
final test question. As a result, final test performance in the reread
condition might have suffered compared to the retrieval practice
condition.
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We therefore carried out another experiment that was
identical to our first experiment, but with an extra reread-plus-
statements condition, besides the reread and the retrieval practice
conditions. In the reread-plus-statements condition, participants
reread a text, followed by focused exposure to key information.
This information consisted of statements that contained the same
information as the feedback in the retrieval practice condition.
In this way, we tested whether the focused exposure to key
information could – partly – account for the testing effect found
in Butler (2010).
EXPERIMENT 1
The first experiment was a direct replication of Butler’s
(2010) third experiment, but with an extra 5-min retention
interval. Participants first read six texts and then repeatedly
reread three of the texts, and repeatedly took cued recall
tests with immediate feedback on the other three texts. After
5 min or after 1 week, participants completed a final transfer
test.
Method
Participants
This experiment was carried out in accordance with the
recommendations of the Ethical Committee of the Department
DPECS at the Erasmus University Rotterdam, with written
informed consent from all participants. Fifty-six people
participated in the study and were rewarded with course
credits. Their mean age was 19.71 (SD = 3.43). Sixteen of
them were males, forty were females. All of the participants
were Psychology undergraduates, with 18 of them having the
Dutch nationality, while the others had (25) other nationalities.
The non-Dutch participants were students of the English-
taught international bachelor in Psychology, where they had
been accepted on the basis of their scores on internationally
accepted English language tests. The Dutch participants had
been taught English for 8 years during primary and secondary
education, and can be considered as highly proficient in written
English.
Materials and Design
We used Butler’s (2010) original materials: six prose passages
in English about different topics of between 550 and 600
words in length. Each passage included four concepts. For each
concept, Butler (2010) had created a question to assess transfer
to a different knowledge domain (see the Introduction for an
example). Each transfer question required the application of a
concept from the initial learning session. The correct response
was between one and three sentences long. The experiment had
a 2 Study Method (reread vs. retrieval practice) ∗ 2 Retention
Interval (5 min vs. 1 week) mixed design with repeated measures
on the first factor. Note that in our study, we added an additional
5-min retention interval to Butler’s (2010) original design, in
order to observe whether the testing effect would increase over
time, which is sometimes regarded as a defining feature of
the testing effect (e.g., Roediger and Karpicke, 2006b; Delaney
et al., 2010; Kornell et al., 2011). Participants were randomly
assigned to the levels of the between-subjects factor. Like in
Butler (2010), we used four counterbalanced versions of the
experiment by combining two orders of initial learning condition
with two orders of the passages. Also as in Butler’s experiment,
the dependent variable was the proportion of correct answers
to the 24 final test transfer questions. Following Simmons et al.
(2011), we have reported all conditions and all measures in this
experiment.
Procedure
The procedure was identical to the procedure of Butler’s (2010)
third experiment. Our study was conducted on a computer using
E-Prime software, and Butler had provided us with the original
E-Prime files that he had used for his original study (2010). In the
first session, participants read the six English prose texts for 2 min
each. Afterward, they repeatedly (i.e., three times) reread three of
the passages for 2 min each, and repeatedly (i.e., three times) took
identical four-item cued recall tests with immediate feedback
(retrieval practice) on the three other passages. In the retrieval
practice condition, participants answered four conceptual cued
recall questions per text, and received feedback in the form of
the correct response after each question. There was no time
limit to answer the questions or review the feedback. Participants
were encouraged to think a while, and to generate a response
to every question (Butler, personal communication, October 6,
2014). Half of the participants took the final test after 5 min,
the other half after 1 week. The final test was self-paced and
consisted of 24 transfer questions about different knowledge
domains.
Results
Following Kline (2004, Chapter 3) and Cumming (2014), we
use the term ‘statistical’ instead of ‘significant’ for all statistical
analyses, because the latter is often erroneously understood as
meaning ‘important.’
Scoring
Two research assistants and the first author independently scored
27% of the answers to the final test questions. Each answer was
scored as either correct or incorrect based on the correct answers
provided in Butler’s (2010) supplemental material. Cohen’s kappa
was used as the interrater reliability measure and was 0.82 for
the 5-min condition and 0.74 for the 1-week condition. These
coefficients indicate a substantial level of agreement (Landis
and Koch, 1977). The remaining responses were scored by the
first author. Note that Cohen’s kappa is based on the absolute
agreement between raters. Such an agreement is unnecessarily
strict when the aim is – like in this experiment – to evaluate
the mean difference between groups on a dependent variable,
rather than to obtain a reliable estimate of the absolute level of
performance within each group. In the former case, it is sufficient
that raters are consistent regarding their final test total scores,
without absolute agreement. We therefore also calculated the
Pearson correlation coefficient between the total final test scores
given by two raters, which was r = 0.97, p < 0.001, for the 5-min
condition and r = 0.93, p= 0.002, for the 1-week condition.
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Retrieval Practice Tests
The proportion of correct responses to the initial cued recall
tests increased in a curvilinear fashion from Test 1 (M = 0.39,
SD = 0.20) to Test 2 (M = 0.77, SD = 0.18) to Test 3 (M = 0.84,
SD = 0.14). A repeated measures ANOVA yielded a statistical
main effect of Test Session, F(1.82,98.10) = 231.20, MSE = 0.02,
p < 0.001, η2P = 0.81, for which there was a linear trend,
F(1,54) = 329.52, MSE = 0.02, p < 0.001, η2P = 0.86, as well
as a quadratic trend F(1,54) = 75.00, MSE = 0.01, p < 0.001,
η2P = 0.58. The mean proportion of correct responses during
the learning phase did not differ between the 5-min condition
(M = 0.69, SD = 0.13) and the 1-week condition (M = 0.64,
SD = 0.15), t(53) = 1.16, p = 0.25, η2P = 0.03, 95% CI of the
difference [−0.03, 0.12]. Note that due to an error, the retrieval
practice data of one participant were not included in these
calculations.
Time on Task
During retrieval practice, there were three texts with four
questions each. All questions were repeated three times, resulting
in a total number of 36 questions. The distribution of the number
of seconds that participants spent on answering a question during
retrieval practice was skewed to the right, so we report both the
mean and the median. The mean was 76.88 s (SD = 38.55) and
the median 70.73 s. The number of seconds that participants
spent on reading the feedback was also skewed to the right:
the mean was 14.42 s (SD = 8.96) and the median 12.14 s.
Taken together, the mean number of seconds participants spent
on each question (responding and reading feedback) was 91.29
(median= 81.76). Because there were four questions per passage,
it took participants on average 365.16 s to complete a test on
each passage (median = 327.04 s). In the reread condition, all
participants had 120 s to reread a passage. Note that due to
an error, the time-on-task data of three participants were not
included.
Final Tests
A 2 Study Method (reread vs. retrieval practice) ∗ 2 Retention
Interval (5 min vs. 1 week) Repeated Measures ANOVA on
the proportion of correct answers did not yield a statistical
interaction effect between study method and retention interval,
F(1,54) = 2.41, MSE = 0.02, p = 0.126, η2P = 0.04 (Table 1).
In accordance, the difference between retrieval practice and
rereading was large after 5 min, t(27) = 6.98, p < 0.001, Cohen’s
d = 1.32, 95% CI of the difference [0.18, 0.33], and was large
after 1 week, t(27) = 5.11, p < 0.001, Cohen’s d = 0.97, 95%
TABLE 1 | Proportion of Answers Correct in Experiment 1 by Retention
Interval and Study Method.
Retention interval
Study method Five minutes One week
Retrieval practice 0.57 (0.04) 0.59 (0.04)
Reread 0.31 (0.03) 0.41 (0.03)
Standard errors are between brackets.
CI of the difference [0.11, 0.25]. In sum, after both retention
intervals there was large advantage of retrieval practice over
rereading. In addition, there was a statistical main effect of study
method, F(1,54) = 73.66, MSE = 0.02, p < 0.001, η2P = 0.58,
95% CI of the difference [0.17, 0.27], but not of retention interval,
F(1,54) = 1.50, MSE = 0.06, p = 0.226, η2P = 0.03, 95% CI of the
difference [−0.04, 0.15].
We also performed a Bayesian Repeated Measures ANOVA
(Rouder et al., 2012, 2016) in the software program JASP (Love
et al., 2015; Wagenmakers et al., 2016) with a default uniform
distribution of prior model probabilities (for arguments for the
Bayesian approach, e.g., Dienes, 2011). The Bayes factor for the
interaction effect between study method and retention interval
was BF01 = 1.38, showing that the likelihood of the data under
the null hypothesis was 1.38 times the likelihood of the data under
the alternative hypothesis. Following Wetzels and Wagenmakers
(2012), this is anecdotal evidence for the null hypothesis that
postulates the absence of the interaction effect. The Bayes Factor
BF10 for the factor study method was larger than 100, indicating
that the observed data were more than 100 times more likely
under the alternative hypothesis than under the null hypothesis.
Bayes Factors larger than 100 are decisive evidence in favor of
the relevant hypothesis. In this experiment, this meant decisive
evidence for the advantage of retrieval practice over rereading on
the final transfer test. The Bayes Factor for the factor retention
interval was BF01 = 2.02, which can be interpreted as anecdotal
evidence in favor of the null hypothesis of no difference between
the two intervals on the proportion of correct answers on the final
transfer test.
The time-on-task differed considerably between the two
conditions in our experiment, which might have confounded
the final test results. To assess whether this was the case,
we calculated the time-on-task difference between the retrieval
practice condition and the reread condition for each participant.
Because time-on-task in the reread condition was a constant,
the variance of these time-on-task difference scores amounted to
the variance of the time-on-task scores in the retrieval practice
condition. Furthermore, for each participant we calculated a final
test difference score by subtracting the transfer score in the
reread condition from that in the retrieval practice condition.
Subsequently, we correlated these two difference scores and
found no trace of a statistical correlation between the time-on-
task difference scores and the difference scores on the transfer
test, r = 0.04, p = 0.765. This low and non-statistical correlation
indicates that an increased time-on-task in the retrieval practice
condition was not associated with a larger advantage of retrieval
practice over reread, suggesting that the retrieval practice
effect was not confounded by time-on-task differences between
conditions.
Discussion
Experiment 1 showed a large benefit of retrieval practice
compared to rereading on the final far transfer test administered
after 1 week, that is, a far transfer testing effect. Furthermore,
the effect size associated with this testing effect was large
(Cohen’s d = 0.97), which is comparable to Butler’s (2010)
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Cohen’s d of 1.171. Hence, the results of Experiment 1
convincingly replicated the results of Butler’s (2010) third
experiment. As such, our findings provide a crucial independent
reinforcement of this important finding within the testing effect
literature.
Note that the overall final test performance in Experiment
1 did not differ between the 5-min condition and the 1-
week condition. The length and the nature of the experimental
procedure might explain this remarkable result. It took on
average almost 1.5 h (85 min) to complete the first session. At the
end of the experiment, the experiment leader always asked how
everything went, and whether the participant had any comments
or questions. More than 50% of the participants reported that the
experiment was tiring or boring. Hence, participants in the 5-min
condition were probably not as motivated and concentrated to
start the final test session as participants in the 1-week condition.
This, in turn, might have resulted in comparable performance
for both retention intervals. Moreover, although there was no
difference in the number of skipped final test questions between
the 1-week condition and the 5-min condition, participants in the
1-week condition (M = 32.84, SD = 11.56) took almost 7 min
longer to complete the final test than participants in the 5-min
condition (M = 25.94, SD = 8.43), t(50) = −2.46, p = 0.018,
r = 0.33, again indicating that the latter might have been less
motivated than the former.
The novel result of Experiment 1 was that the benefit of
retrieval practice already emerged after a retention interval of
5 min. Although there is agreement in the literature that the
testing effect usually arises after a long retention interval (i.e.,
longer than 1 day), mixed support has been found for short
intervals (Rowland, 2014). A factor that can partly explain these
mixed findings is feedback (Rowland, 2014). In several studies
where feedback was provided after retrieval practice, testing
effects did emerge after a short retention interval (e.g., Carrier
and Pashler, 1992; Bishara and Jacoby, 2008; Carpenter et al.,
2008; Kornell et al., 2009; Jacoby et al., 2010; Kang, 2010;
Wartenweiler, 2011). Now, in our first experiment, participants
received feedback after retrieval practice in the form of the
correct response. This might have been the factor underlying the
short-term testing effect.
The feedback in Experiment 1 may also have prevented the
interaction effect between study method and retention interval
to occur. This is in line with the predictions of the bifurcation
framework (Kornell et al., 2011). According to this framework, a
test bifurcates the distribution of items’ memory strength: non-
retrieved items remain low in strength while retrieved items
become high in strength, resulting in a gap between the two sets
of items. Furthermore, items that are retrieved during testing are
strengthened more than items that are restudied. Because strong
memories last, testing will result in better performance than
restudying after a long interval. Feedback, however, also boosts
the memory strength of non-retrieved items, thereby preventing
bifurcation to occur. In that case, testing with feedback will
1Due to a miscalculation of the standard deviation, the reported Cohen’s d in
Butler’s (2010) article was 0.99, but in reality it was 1.17 (personal correspondence,
July 14, 2016).
strengthen all tested items, giving rise to a benefit of testing after
both a short-term and a long-term interval.
EXPERIMENT 2
To answer the final test questions of Experiment 1 correctly,
participants in the retrieval practice condition had to apply
the key information that had been provided as feedback. This
may have granted an advantage to participants in the retrieval
practice condition compared to the reread condition. Hence,
our results, as well as those of Butler’s (2010) third experiment,
might have been partly driven by this focused exposure to
key information rather than by retrieval practice per se. To
test this alternative account of our results, we conducted a
second experiment. This experiment was similar to the first,
but now with an extra reread-plus-statements condition, besides
the retrieval practice condition and the reread condition. In
the retrieval practice condition, participants answered four
cued recall questions per text and received feedback after each
question. Participants in the reread-plus-statements condition
first reread a text for 2 min, and then read four isolated statements
that contained the same information as the feedback in the
retrieval practice condition (cf. Butler, 2010, Experiment 2 on
near transfer). In the reread condition, participants reread a
text for 2 min. So, in all three conditions, participants received
the same key information that was necessary to answer the
final test questions. However, in the reread condition, the
key information was presented together with the additional
information that was in the text. By contrast, in both the retrieval
practice condition and the reread-plus-statements condition,
participants received focused exposure to the key information.
We therefore expected the difference between the retrieval
practice condition and the reread-plus-statements condition on
the final transfer test to be considerably smaller (or perhaps
even absent) than the difference between retrieval practice and
rereading.
Note that we decided to drop the 5-min condition in the
second experiment, because the short-term final test results in the
first experiment might have suffered from participants’ fatigue.
A convenient side effect of this choice was that we had more
participants – and hence more power – to detect an effect of our
experimental manipulation on transfer after a retention interval
of 1 week.
Method
Participants
This experiment was carried out in accordance with the
recommendations of the Ethical Committee of the Department
DPECS at the Erasmus University Rotterdam, with written
informed consent from all participants. Fifty-five people
participated in this study and were rewarded with course
credits. One participant was removed because she said she had
only paid attention to the texts with the questions (retrieval
practice condition), leaving a total number of 54 participants.
Their mean age was 20.00 (SD = 4.10). Twenty of them were
males, 34 were females. All of the participants were Psychology
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undergraduates (see Experiment 1). Twenty-two of them had the
Dutch nationality, while the others had (15) other nationalities.
Materials and Design
Butler’s (2010) six prose texts and test questions were used again,
see Experiment 1. The experiment had a 3 Study Method (reread
vs. retrieval practice vs. reread-plus-statements) within-subjects
design. We used a Latin Square to create nine counterbalance
conditions, using three sets of two texts and six orders of initial
study conditions. Following Simmons et al. (2011), we have
reported all conditions and all measures in this experiment.
Procedure
The experiment was conducted on a computer using E-Prime
software. As in Experiment 1 we used Butler’s (2010) original
files, but now with some adjustments to include the extra reread-
plus-statements condition. The procedure was identical to that in
Experiment 1, except for the elimination of the 5-min retention
interval and the new reread-plus-statements condition (and, as
a result, two instead of three texts per study method). In the
reread condition, two texts were reread three times. In the
retrieval practice condition, participants took three identical
four-item cued recall tests with immediate feedback on two other
texts. This feedback was identical to that in Butler (2010) and
in our Experiment 1. In the reread-plus-statements condition,
participants repeatedly (i.e., three times) reread two of the
texts, each followed by four statements that contained the same
information as was presented as feedback in the retrieval practice
condition, except that it was rephrased in order to make sense
as prose (cf. the isolated sentences in Butler, 2010, Experiment
2). For example, one of the questions in the retrieval practice
condition was the following: “A bat has a very different wing
structure from a bird. What is the wing structure of a bat like
relative to that of a bird?” The answer to this question was
as follows: “A bird’s wing has fairly rigid bone structure that
is efficient at providing lift, whereas a bat has a much more
flexible wing structure that allows for greater maneuverability.”
In the reread-plus-statements condition, the corresponding key
statement was the following: “A bat has a very different wing
structure from a bird. A bird’s wing has fairly rigid bone structure
that is efficient at providing lift, whereas a bat has a much more
flexible wing structure that allows for greater maneuverability.”
Hence, the key statements contained part of the corresponding
questions in order to be comprehensible. The instruction for the
key statements was as follows: “Next, you will see four short pieces
of information about the subject of the text that you have just
read. Please read them carefully.” No time limit was given to read
the key statements. One week later, participants returned to take
the self-paced final test that consisted of 24 transfer questions on
different knowledge domains.
Results
Scoring
One research assistant and the first author independently scored
15% of the cued recall questions from the initial learning session.
Each answer was scored as either correct or incorrect. Cohen’s
kappa was used as the interrater reliability measure and was
0.67. This indicates a substantial level of agreement (Landis and
Koch, 1977). The Pearson correlation coefficient between the
total scores given by the two raters was r = 0.79, p = 0.021. All
the remaining questions were scored by the first author.
Ten participants had coincidentally pushed Enter when they
wanted to answer the first question of the final test, thereby going
directly to the second question on the next screen. These 10
questions were treated as missing, and their values were estimated
by taking the average of the scores on the other three questions
corresponding to the same text.
Retrieval Practice Tests
The proportion of correct responses to the initial cued recall
tests increased in a curvilinear fashion from Test 1 (M = 0.48,
SD = 0.23) to Test 2 (M = 0.79, SD = 0.19) to Test 3 (M = 0.90,
SD = 0.13). A repeated measures ANOVA yielded a statistical
effect of Test, F(1.82,94.79) = 128.23, MSE = 0.02, p < 0.001,
η2P = 0.71, for which there was a linear trend, F(1,52) = 176.77,
MSE = 0.03, p < 0.001, η2P = 77, as well as a quadratic trend
F(1,52)= 31.16, MSE= 0.01, p< 0.001, η2P = 0.38. Note that due
to an error, the retrieval practice data and time-on-task data of
one participant were not included.
Time on Task
During retrieval practice, there were two texts with four questions
each. The questions were repeated three times, resulting in a
total number of 24 questions. The distributions of number of
seconds spent on reading and answering questions were skewed
to the right, so we report both the mean and the median. The
average number of seconds that participants spent on answering
a question during cued recall was 63.40 s (SD = 26.26), median
57.86 s. The mean number of seconds that participants spent on
reading the feedback was 12.24 (SD= 5.61), median 10.90. Taken
together, the mean number of seconds that participants spent
on each question (responding and reading feedback) was 75.64
(median= 68.76). Because there were four questions per passage,
it took participants 302.56 s on average to complete a test on
each passage (median = 275.04 s). Furthermore, in the reread-
plus-statements condition, there were two texts that were both
followed by four statements. Participants read the texts and the
statements three times, coming down to 24 statements in total.
The mean number of seconds that participants spent on reading
a statement was 20.44 (SD= 11.59), median 16.30, and they spent
120 s on rereading a passage. Because there were four statements
per passage, this resulted in a total time per passage of 201.76 s
(median 185.20 s). In the reread condition, all participants had
120 s to reread a passage.
Final Tests
A 3 Study Method (reread vs. retrieval practice vs. reread-
plus-statements) Repeated Measures ANOVA on the proportion
of correct answers on the final transfer test revealed a
statistical main effect of study method, F(2,106) = 22.62,
MSE= 0.04, p< 0.001, η2P = 0.30 (Table 2). Bonferroni corrected
pairwise comparisons revealed statistical differences between all
three conditions. Retrieval practice differed from reread-plus-
statements, t(53) = 3.08, p = 0.009, r = 0.39, 95% CI of the
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TABLE 2 | Proportion of Answers Correct in Experiment 2 by Study
Method.
Study method
Retrieval practice 0.64 (0.03)
Reread-plus-statements 0.53 (0.03)
Reread 0.40 (0.03)
Standard errors are between brackets.
difference [0.02, 0.20]. In addition, there was a difference between
retrieval practice and reread, t(53) = 6.26, p < 0.001, r = 0.65,
95% CI of the difference [0.15, 0.34]. Also, reread-plus-statements
differed from reread, t(53)= 3.80, p= 0.001, r = 0.46, 95% CI of
the difference [0.05, 0.22].
In addition, we performed a Bayesian Repeated Measures
ANOVA (Rouder et al., 2012, 2016) in the software program
JASP (Love et al., 2015; Wagenmakers et al., 2016) with a
default uniform distribution of prior model probabilities. The
Bayes Factor BF10 for the factor study method (reread vs.
retrieval practice vs. reread-plus-statements) was larger than
100, indicating that the observed data were more than 100
times more likely under the alternative hypothesis than under
the null hypothesis. According to Wetzels and Wagenmakers
(2012), this is decisive evidence in favor of the alternative
hypothesis that postulates a difference in means between the
three conditions. As follow-up tests, we performed three new
two-sided Bayesian paired samples T-Tests (Rouder et al., 2009)
with a default Cauchy prior width of r = 0.71 for effect size
on the alternative hypothesis. The comparison between retrieval
practice and rereading delivered a Bayes factor of larger than
100, which is decisive evidence for the hypothesis that there
is a difference between retrieval practice and rereading. In
this experiment, there was a large benefit of retrieval practice
compared to rereading. The comparison between reread-plus-
statements and reread produced a Bayes factor of BF10 = 86.71,
showing that the likelihood of the data under the alternative
hypothesis was 86.71 times the likelihood of the data under
the null hypothesis. This presents very strong evidence for
the alternative hypothesis that there is a difference, in this
case a large advantage of reread-plus-statements compared to
reread. Finally, retrieval practice was compared to reread-plus-
statements. This yielded a Bayes factor of BF10= 10.77, meaning
that the observed data were 10.77 times more likely under the
alternative hypothesis than under the null hypothesis. This is
strong evidence for the alternative hypothesis of a difference
between conditions, in this case an advantage of retrieval practice
over reread-plus-statements. To inspect the robustness of the
latter analysis, the Bayes factor is plotted as a function of the
scale parameter r of the Cauchy prior in Figure 1. As the
scale parameter r increases (i.e., the prior becomes wider), the
evidence for the alternative hypothesis gets weaker. However,
even under the prior settings that least favor the alternative
hypothesis, the Bayes factor is still larger than 6.50, indicating
substantial evidence for the alternative hypothesis (Wetzels and
Wagenmakers, 2012).
Again, the time-on-task differed considerably between the
three conditions in Experiment 2. To assess whether this
FIGURE 1 | Bayes Factor for the comparison between retrieval
practice and reread-plus-statements (Experiment 2) as a function of
the scale parameter r of the Cauchy prior for effect size under the
alternative hypothesis. The dot indicates the used prior width of r = 0.71.
Figure adjusted from JASP, jasp-stats.org.
variable confounded the final test results, we calculated for
each participant the time-on-task differences for each of the
three unique condition combinations (with time-on-task in
the reread condition being a constant). Furthermore, for each
participant we calculated the final test difference scores for
each of the three condition combinations. Subsequently we
correlated these time-on-task difference scores with the relevant
final test difference scores. For ‘retrieval practice/reread’, there
was no statistical correlation between time-on-task differences
and final test differences, r = 0.09, p = 0.525. The same
applied to ‘reread-plus-statements/reread’, r = 0.01, p = 0.920,
and to ‘retrieval practice/reread-plus-statements’, r = 0.08,
p = 0.569. These non-statistical correlations indicate that
the final test results were not confounded by time-on-task
differences.
Discussion
The results of Experiment 2 showed that the reread-plus-
statements condition resulted in a higher score on the final
transfer test than the reread condition. In addition, retrieval
practice led to better performance on the final test than reread
and better than reread-plus-statements. When retrieval practice
was compared to reread-plus-statements, however, the effect size
was much smaller than when it was compared to reread (resp.,
r = 0.39 versus r = 0.65); the proportion of explained variance
fell by about 65% when retrieval practice was contrasted with
reread-plus-statements (testing effect magnitude of r2 = 0.15)
instead of reread (testing effect magnitude of r2 = 0.42).
Taken together, the results of Experiment 2 suggest that the
advantage of retrieval practice, found in Butler (2010) and in
our first experiment, was partly due to the focused exposure
to key information (i.e., the feedback). However, the advantage
of retrieval practice over the reread-plus-statements condition
indicates that practicing retrieval added something extra, above
and beyond providing participants with focused exposure to key
information.
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GENERAL DISCUSSION
In Experiment 1, we replicated the third experiment of
Butler’s study (Butler, 2010). Retrieval practice produced
better performance than rereading on the final transfer test
administered after 1 week, and also after 5 min. Experiment
2 was similar to Experiment 1, but with an extra reread-
plus-statements condition. In this condition, the retrieval
practice questions were replaced by rereading, followed by
focused exposure to the key information. These key statements
contained the same information as the feedback that participants
received in the retrieval practice condition. In this manner, we
examined whether the focused exposure to key information could
explain the large advantage of retrieval practice over reread in
Experiment 1.
In Experiment 2, retrieval practice again outperformed
rereading on a delayed far transfer test. Moreover, transfer
performance in the reread-plus-statements condition was
considerably better than in the reread condition. In addition,
retrieval practice resulted in a higher final test score than
reread-plus-statements. However, the testing effect was much
smaller when retrieval practice was compared to reread-plus-
statements (r = 0.39, testing effect magnitude of r2 = 0.15,
BF= 10.77) than when retrieval practice was compared to reread
(r = 0.65, testing effect magnitude of r2 = 0.42, BF > 100).
Note that it is important to focus not only on the p-value
but also on the size of the effect. Based on the p-values, one
would simply conclude that retrieval practice leads to better
far transfer than reread and reread-plus-statements. However,
when the effect sizes are taken into account, a different picture
emerges. That is, it becomes clear that the effect of retrieval
practice might be partly attributed to the focused exposure to
key information (i.e., the feedback). These findings are important
from a theoretical as well as from a practical perspective. Both
for theory development and for real-world applications (such as
in educational practice), it is crucial to realize that the benefit of
retrieval practice varies with the control condition to which it is
compared.
Because time-on-task differed between conditions in both
our experiments, we wanted to exclude the possibility that
this variable was a confounder. We therefore inspected
the correlations between time-on-task differences between
conditions and final test differences. These correlations were
all very small and statistically non-significant, indicating that
there was no association between time-on-task and final test
advantages of retrieval practice and reread-plus-statements
over rereading. This seems in line with Butler’s (2010)
study. In his second experiment, the time-on-task spent per
text on the conceptual questions in the retrieval practice
condition (168.4 s) was considerably lower than the time-
on-task in the reread condition (240 s). Conversely, in his
third experiment, the time-on-task in the reread condition
was 120 s per text, and although the time-on-task in the
retrieval practice condition was not reported, it is reasonable
to assume that this was comparable to the time-on-task in
the second experiment (168.4 s). In that case, the time-on-
task in the retrieval practice condition in the third experiment
was higher than the time-on-task in the reread condition. Still,
in both experiments retrieval practice outperformed rereading
on the final test. Together these findings indicate that time-
on-task did not matter much for performance on the final
transfer test that Butler and we used. This is in keeping with
other studies where increased time-on-task was not related to
retention performance (e.g., Amlund et al., 1986; Callender
and McDaniel, 2009). Hence, we think that the time-on-task
differences between conditions did not confound the final test
results.
It might be argued that the benefit of retrieval practice
in Experiment 2 was reduced compared to the reread-plus-
statements condition because participants received less exposure
to the key information in the retrieval practice condition than
in the reread-plus-statements condition. In the reread-plus-
statements condition, participants were exposed to the key
information twice: first when rereading the text and second
when reading the isolated statements. By contrast, one could
assert that participants in the retrieval practice condition only
were exposed to the key information twice when the material
was successfully retrieved. However, some research (e.g., Kornell
et al., 2009; Richland et al., 2009) suggests that retrieval attempts
promote learning even when the attempts are unsuccessful.
Moreover, in the vast majority of the testing effect studies,
exposure to the to-be-learned information is lower after retrieval
practice than after restudying because retrieval practice is not
perfect. Nevertheless, large testing effects are observed in these
studies on delayed final tests (e.g., Roediger and Karpicke,
2006b).
In addition, one could argue that the focused exposure to
key information reduced the beneficial effect of retrieval practice
compared to reread-plus-statements because the exposure to key
information was more spaced (i.e., distributed over time) in
the latter than in the former. This is because in the retrieval
practice condition, the key information was provided as feedback
immediately following the questions to which participants had
to respond (massed repetition), whereas participants in the
reread-plus-statements condition received the information after
rereading the text (more spaced repetition). As a consequence,
transfer performance in the reread-plus-statements condition
might have benefitted from a spacing effect (e.g., Cepeda et al.,
2006) and this – rather than focused exposure to key information
per se – might have resulted in a smaller retrieval practice
advantage.
Although the above line of reasoning is correct, it is only
directed at repetitions within a relearning session, but does not
take into account repetitions across the three relearning sessions.
However, Karpicke and Bauernschmidt (2011) showed that
when comparing repetition schedules on final test performance,
it is pivotal to determine the absolute or total spacing per
schedule. Consequently, in the present study, it is not appropriate
to only focus on repetition within a relearning session (or
only on repetitions across sessions, for that matter); instead,
one should compare conditions on total spacing. This total
spacing is obtained by combining spacing lags within and across
learning sessions. In the present study, participants went through
three relearning sessions in all conditions. Within a relearning
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session, repetition of key information was relatively massed in
the retrieval practice condition and relatively spaced in the
reread-plus-statements condition. However, the total spacing
of repetitions (i.e., the combination of spacing within and
across sessions) reveals a somewhat different picture. Consider
a participant in the retrieval practice condition who correctly
answers the first question in all three relearning sessions. This
participant will be exposed to the key information six times
(i.e., answer and feedback in each of the three sessions), coming
down to five spacing intervals. Within a session, feedback is
presented immediately after answering a question, resulting in
a spacing interval of 0 s. However, given the time-on-task of
one relearning session in the retrieval practice condition (i.e.,
answering the other three questions and reading the feedback),
the next repetition in the second session appears after 226.92 s
(3/4 ∗ 302.56). That is, the spacing from the first to the
second session is 226.92 s. The same applies for the spacing
between the second and the third session. Hence, in the retrieval
practice condition, total spacing was 453.84 s. By contrast, in
the reread-plus-statements condition, the total spacing between
the six repetitions of the key information was about 392.64 s
[2 ∗ (3/4 ∗ 201.76)+ 3/4 ∗ 120].
So, in both the retrieval practice condition and the reread-
plus-statements condition the exposure to the key information
was spaced, but the conditions differ in total spacing. However,
because the function between total spacing and memory
performance reaches approximately an asymptote at a total
spacing considerably shorter than those in our Experiment 2
(cf, Glenberg, 1976; Raaijmakers, 2003), it is unlikely that the
difference in transfer test performance between the retrieval
practice condition and the reread-plus-statements condition can
be attributed to the total spacing difference. Still, the conditions
differ on total spacing, and we cannot completely rule out the
possibility that this variability –rather than the experimental
manipulation– has confounded the final test results. Hence,
future research might include a key statements condition that
is modeled after the retrieval practice condition, i.e., with two
massed exposures of key information without rereading the total
text. Furthermore, the time-on-task should be held fixed and
equated between conditions. In this way, total spacing will be
equal between conditions, and possible final test differences can
be exclusively attributed to the experimental manipulation.
A remaining question is why retrieval practice led to better
performance than reread-plus-statements. This finding could be
due to both indirect and direct effects that retrieval practice
has on learning (Roediger and Karpicke, 2006b). An indirect
effect means that the influence of retrieval practice is mediated
by another factor, such as motivation. In our study, it is
possible that during the retrieval attempt, participants became
aware of what they did not yet know, causing them to pay
more attention to the subsequent feedback. This process might
have enhanced their final test scores. That would also explain
why there was a short-term testing effect in our first study;
in other studies where feedback was provided, a short-term
benefit of retrieval practice occurred as well (e.g., Carrier and
Pashler, 1992; Bishara and Jacoby, 2008; Carpenter et al., 2008;
Jacoby et al., 2010; Kang, 2010; Wartenweiler, 2011). In addition
to this indirect effect, retrieval practice might have exerted
its influence in a direct way. By retrieving knowledge from
memory, the knowledge itself is altered, thereby accommodating
retrieval at a later point in time (Karpicke and Grimaldi,
2012).
Taken together, the current study shows that the testing
effect in far transfer across different knowledge domains (Butler,
2010) is robust. We replicated the results of Butler’s (2010)
third experiment with a comparable effect size, indicating
that retrieval practice can greatly enhance performance on
a far transfer test. However, our results also show that the
success of retrieval practice was partly a matter of providing
focused exposure to key information. When retrieval practice
was compared to a condition that involved rereading the texts
and then reading the key information in the form of isolated
statements, the benefit of retrieval practice decreased to a fair
extent. Hence, the focused exposure to key information (i.e., the
feedback) seems be of crucial importance in the retrieval practice
condition. Upcoming research could investigate the precise role
of focused exposure to key information in the far transfer testing
effect.
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